Upon complexification of frames and connections, it is shown that the theory of general relativity is transformed to a a spontaneously broken SU(2) × U(1) gauge theory in a curved space-time with S 3 × R topology. The mass spectrum of the standard electroweak model is fully recovered, in spite of the complete absence of a higgs sector. New physics is predicted with gravity-induced electroweak interactions and with novel-type of effects. New theoretical perspectives are briefly discussed.
Introduction
Attempts to unify gravity with other fundamental interactions date from nearly as far back as the formulation of general relativity [1] . In this letter we will argue that one resolution to this problem may be surprisingly closer than ever suspected before. Indeed, it will be shown that upon complexification of frames and connections, Einstein's 4D theory is transformed to a spontaneously broken SU(2) × U(1) gauge theory in a curved space-time with S 3 × R topology.
In sections 2,3 we will uncover the Yang-Mills sector and explain the gauge symmetry breaking mechanism which operates in spite of the complete absence of a higgs sector. In section 4
we will calculate explicitly the mass spectrum which, as it turns out, reproduces precisely the pertinent results of the standard electroweak model [2] . Our construction seems to upgrade each one of the two interactions it unifies and offers several testable predictions, as we will see in the last section.
To establish notation [3] , we recall that Einstein's vacuum equations in a differentiable 4D manifold M
4
• follow from the Einstein-Hilbert action
upon variation of frames and connection under the requirement of general co-ordinate invariance and the constraints of metricity and of vanishing torsion. The former is by definition expressed as • D g ab = 0 and amounts to antisymmetry of the connection in an orthonormal frame e a .
The Yang-Mills sector
If we now transform the frames not by an SO(1, 3) rotation but rather inhomogeneously as e a → e a + h a in terms of an arbitrary set of 1-forms h a , we must utilize Cartan's structure equations in their general form as
on which one may subsequently try to impose the constraints of metricity and the vanishing of the torsion 2-form T a . The new covariant derivative D will now be taken with respect to the new connection ω a b , while the latter is always expressible in terms of the old connection as
so that with the added 1-form viewed as the contorsion, metricity is secured if
Let us examine these quantities in detail and justify our motivation for introducing complex h a and K a b . For that we will need a set of four linearly independent 4-vector fields θ I , ennumerated by the index I = {0, i} = {0, 1, 2, 3} and supplying a basis for tangent vectors at every point of M
4
• . More rigorously, θ I is a section of the frame bundle for tangent vectors over M
• , not necessarily dual to e a . In other words if v a is the basis dual to e a (namely with e a (v b ) = δ a b ) we will have e a (θ I ) = θ a I so that θ I = θ a I v a , wherein the components θ a I are differentiable functions. A first requirement on the θ I basis is that we would like its vectors to be ortonormal up to a common length scale, but in a covariant sense which will be made precise later on.
Each one of the 4-vector fields θ I is at the same time a section in the tangent bundle T M 4 • and we recall that the latter is an infinite-dimensional algebra (with composition law between two sections θ 1 and θ 2 defined by the Lie derivative of θ 1 by θ 2 , equivalently expressed as the commutator [θ 1 , θ 2 ]). We would now like to examine if and how the four sections θ I can actually close up to form a 4D subalgebra of T M
• . We firstly observe that since the θ I form a basis at every point, we will always be able to express their commutators as
with some set of expansion coefficients C I JK . This however does not automatically establish the desired closure into an algebra over the real numbers because the C I JK will in general be functions of the space-time points. Nevertheless, we may proceed and, as we will further discuss later on, safely assume that there exist in general space-times M
• for which one can find θ I bases such that the C I JK coefficients in (5) are constant. With the so resulting 4D Lie algebra g 4 at our disposal, we may find representations and introduce a g 4 connection A I = A • ) with associated covariant derivative D. The latter is identical to the D defined in (2) as long as it does not meet a g 4 index, otherwhise we have, e.g.,
We now define
which is an acceptable choice in spite of the fact that, under a gauge transformation, θ I transforms homogeneously while A I does not, the reason being that Cartan's structure equations remain gauge invariant, as one can verify by direct computation. With re-arrangement of terms in (2) and upon reflection on the possibility to implement the zero-torsion constraint, we are led to the expressions
where
so that (2,4) are automatically satisfied. We observe that the constraint of vanishing torsion has come to be equivalent to the desired constancy (in the sence of the covariant derivation (6) and by construction obeying the commutation relations (5)) we will have
with A = A I Θ I etc. Clearly, we have only uncovered and utilized the algebra of the underlying interaction (we note that anyway this is also the case with the conventional treatment, which involves only the algebra rather than the gauge group in all local considerations) so that as gauge group we admit any 4-parameter Lie group which has g 4 as its algebra. The Yang-Mills action should now emerge automatically as part of the Einstein-Hilbert action.
The last point is crucial because in the latter action there emerges the metric g IJ as
which is forced upon us as the group metric. Hence, the scale factor specified by g 2 (the gauge coupling, as it turns out) in (11) must be constant, which is indeed the case if the torsion vanishes. A second requirement is that the signature of this metric must be
or else the Yang-Mills sector will involve the wrong sign in the contribution of one (or three) of its gauge bosons. It follows from (11) that this can be achieved if we re-define the θ I basis as {iθ 0 , θ 1 , θ 2 , θ 3 }, namely as one which involves the purely imaginary iθ 0 hereafter re-named as θ 0 . All our results as expressed by (5-10) remain formally intact except for the following important observation. To retain all conventional definitions of a Yang-Mills theory and, in particular, the reality of the field strengths F I , θ 0 must commute with all θ i . This means that our gauge group must necessarily be of the form U(1) times a simple 3-parameter Lie group, by which we are led to SU(2) × U(1) as the only possible choice. We are now ready to write down the Einstein-Hilbert action for the so equipped M 4
• , by computing the Riemann tensor from (3) and take into account the expressions (8,9). The result contains three contributions. The first one is precisely the Einstein-Hilbert action (1), obviously associated with the gravitational sector. The second gives the Yang-Mills action (with the correct relative sign when considered as a source for gravity) of the unbroken SU(2) × U(1) gauge theory with gauge coupling equal to g 2 . The third contribution describes a set of novel gravity-induced electroweak interactions.
We will omit the details of this calculation because they can be fully recovered from the case with spontaneous breaking of the gauge symmetry, to which we now turn.
Spontaneous breaking of the gauge symmetry
Let us recall a fundamental symmetry of the Einstein-Hilbert action (1), by which the latter remains invariant if the connection
• ω ab is changed by any 1-form λ to
If λ is real, this special kind of a projective transformation further reduces to what is known as Einstein's λ transformation. Obviously, the new connection violates metricity by an amount specified by the scale L of λ according to
which apparently is the reason why λ-transformations have rarely been used in physics (see, however, [4] and references cited therein). It follows that the same Einstein-Hilbert action To see explicitly how this mechanism works, we will again start from Cartan's structure equations, but now instead of (4) employ the connection
In this expression we have introduced an expansion of λ in the θ I basis which can always be done in terms of its components λ I , and have anticipated that the contorsion will change, as it indeed does described by
The torsion is formally still given by (9), but the covariant derivative as defined by (6) should now be understood with respect to the connection (15). The Einstein-Hilbert action
can now be calculated, with the Riemann tensor found from (3) as
In this expression we have gathered terms so as to form covariant derivatives
• D (namely with respect to our initial metric connection
• ω ab ) in order to fascilitate the dropping of surface terms.
The non-metric contribution (which will actually generate the mass terms for the gauge bosons) is contained in the last term. The explicitly needed expression for the contorsion follows from (16) as
We now have at our disposal all that is needed to explicitly write down the action (17).
Skipping the details of this long calculation, we will simply record the final result as
where the two contributions L mass and L gravitoweak are 4-forms with actual expressions too long to be given here in full detail. The first one may formally be written as
(with the mass matrix M IJ fully expressible in terms of λ I and θ I ) and will be examined in detail in the next section. The second contribution is of the form
It predicts a novel type of gravity-induced electroweak interactions (we have called them gravitoweak) of two generic types. The first one has been written explicitly in (22) and it involves couplings of the order of g 2 (the Planck scale cancels out in view of (11)). The second type is at a much higher scale, roughly given by the geometric mean of L (the electroweak breaking scale) and the Planck scale, namely at about 10 10 Gev. Both types involve n-boson vertices (n ≤ 6), always including at least one θ. These θ's are thus suggested as the 'gravitational bosons', not counted when contracted among themselves to produce the electroweak coupling as intruduced by (11). The symmetry-breaking pattern is seen to be determined by the particular choice of λ, on which the only restriction comes from the requirements of reality and correct sign of M IJ .
Clearly, λ can be specified by its four components λ I or, equivalently, by the parameter L fixing its length and any three of the angles ϑ I it forms with the θ I axes, as we will explicitly see in the next section.
The electroweak interaction
The structure constants C I JK for SU(2) × U(1) are ǫ ijk or zero if any of the (I, J, K) is zero so, with the three genarators of SU(2) fully equivalent, we expect just one generic symmetrybreaking pattern. It can be realized without loss of generality by orienting the θ I basis to make any two of the 'spatial' components of λ vanish. Lying on, say, the θ 0 , θ 1 plane, λ will then be fully specified by L and by its angle with the θ 0 axis which (in its anticipated rôle as a mixing angle) will be denoted by ϑ W . A random alignment would only produce a more comlicated (but redandant) mass matrix. If we also recall the imaginary character of θ 0 , we are immediately led to the expression
For this λ, the above expressions simplify considerably and the mass matrix (21) in particular reduces to
The diagonalizing matrix of (24) is
by which the mass matrix reduces to
∆ I J will also rotate the A I bosons, mixing them in the linear combinatioñ
in which we immediately recognize the conventional expression for the electroweak bosons as
Their mass spectrum can be read directly from (26) in relation to (21) 
is here also predicted.
One may now proceed to fully determine the 'gravitoweak' sector given by (22), which however is beyond our present scope and will be examined elsewhere.
Discussion and conclusions
Our analysis in sections 2,3 has led us to the construction of a unified model for the gravitational and electroweak interactions with four adjustable parameters, the G, g, m W , ϑ W . This model offers new theoretical perspectives and predictions which upgrade general relativity and the standard Glashow-Weinberg-Salam model. The implied programme is obviously vast so we will only list what appear at the moment as its major aspects, also to be thought of as testing grounds on its worthiness.
To the extend that one can isolate gravity, Einstein's theory remains unchanged exept for one major issue. In conventional general relativity there is no input on the global aspects of the theory, so that every one in the immense body of all possible topologies must be acceptable on an equal footing [5] , [6] . Within our present context, although the Einstein equations following from (17) will still have to be solved (possibly with the addition of appropriate sources), the space-time topology will in any case have to be S 3 × R. This dramatic reduction is the result of the severe compatibility constaint on the geometry which has to consistently accept the θ I frame and at the same time respect the zero-torsion requirement. In particular, the universe has to be a Bianchi-type IX [6] after isotropization and a closed FRW at present.
Issues of a similar nature which, however, clearly transend the purely gravitational sector of our model, are related to the open possibility that the general relativistic junction conditions may change and metricity might be violated due the presence of an appropriately chosen source.
In the former case there may be observable effects of the type described in [7] . The latter case migth suggest the existence of positive Eötvos-type tests if their accuracy exceeds the ratio of the electroweak to the Planck scale, namely if it gets better than one part in 10 17 .
Turning now to the electroweak sector, the present model seems to offer an elegant explanation on the origin and uniqueness of the SU(2) × U(1) choice. The association of the group generators with a space-time vierbein (and thus with globally fixed handedness) can be expected to improve our understanding of chiral behavior, while the uniqueness of that group points towards a different origin for the strong interaction. On the other hand, the predicted absence of a Higgs sector, compatible as it may be with current doubts, will contaminate the electroweak sector with the renormalization and quantization problems of gravity (unless, in an optimistic view, this transfer of disease is what was needed to save both patients!). Of relevance may be our observation made in connection with the gravitoweak sector, whereby it is the θ I which emerge as the gravitational bosons, rather than the vierbein e a (which is used in the conventional quantization schemes for gravity). This sector, as briefly discussed in section 3 following (22), predicts gravity-induced electroweak interactions, some of which seem to be reachable at presently available energies if properly analysed and looked for. They may also be of relevance to the current interest in solar neutrino oscillations [8] .
